Background and Objectives: Gastroenteritis is a leading cause of childhood morbidity and mortality in developing countries. Our aim was to determine the prevalence of bacterial, viral and parasitic aetiology of gastroenteritis in children aged < 5 years in the Najran region, south-western Saudi Arabia, to determine the contribution of these enteropathogens in childhood diarrhoeal diseases and to put forward effective preventive measures for controlling the disease in the future. Design and Setting: A descriptive study conducted at Najran Maternity and Children's Hospital and the Microbiology Department of the Najran University College of Applied Medical Sciences from October 2011 to June 2012. Patients and Methods: Stool samples were collected from 326 children aged ≤ 5 years with diarrhoea and examined for bacterial, viral and parasitic enteropathogens. Results: Seventy-two (22.1%) samples were positive for viral pathogens, including 56 (17.2%), 12 (3.7%) and 4 (1.2%) samples for rotavirus, adenovirus and astrovirus, respectively. Thirty-five (10.7%) samples were positive for bacterial pathogens, including 28 (8.6%) and 7 (2.1%) samples for Salmonella and Shigella spp. isolates, respectively. Pathogenic parasites were detected in only 4 (1.2%) samples, including 3 (0.9%) Giardia lamblia and 1 (0.3%) Entamoeba histolytica isolates. Conclusions: Rotavirus is the most common pathogen in paediatric acute gastroenteritis in the Najran region. This fact, in combination with the severity of the infections, warrants consideration of a rotavirus vaccine in the childhood immunization program in Saudi Arabia. On the basis of clinical and laboratory parameters, it appears possible to distinguish between the different causative agents of acute gastroenteritis.
INTRODUCTION
Gastroenteritis is one of the most important public health problems in developing countries. It constitutes the main cause of morbidity and mortality among children aged < 5 years. [1] Globally, it is estimated that diarrheal diseases result in about 1.9 million deaths in children aged < 5 years, accounting for 19% of total child deaths. The majority of these diarrhoeal deaths (1.5 million, 76%) occur in the developing countries of Africa and Southeast Asia. [2] The infectious aetiology of diarrhoea is related to a wide range of bacteria, viruses and enteroparasites. The contribution of the various pathogens to diarrhoea may differ substantially between regions depending on local meteorological, geographic and socioeconomic conditions. [3] Viruses like rotavirus, adenoviruses, Norwalk virus, calicivirus, astroviruses and coronaviruses play a significant role as aetiological agents in diarrhoea. [4] Of these viruses, rotaviruses are considered the most common single agents. Several reports estimated that group A rotaviruses cause about 140 million cases of acute gastroenteritis and one million deaths worldwide every year. [5] The most common bacteria related to diarrhoea include Salmonella spp., Shigella spp., Campylobacter spp., Aeromonas, Plesiomonas, Vibrio cholera, and enterovirulent strains of Escherichia coli. [6] Intestinal parasites like Giardia lamblia, Entamoeba histolytica/E. dispar, Cryptosporidium species, Ascaris lumbricoides, Hymenolepis nana and Enterobius vermicularis also are one of the health problems. The incidence of these parasites is generally high in the tropical and subtropical countries, affecting mainly children of low socioeconomic groups. [7] In Saudi Arabia, several studies have focused on either bacterial, viral or parasitic aetiologies of diarrhoea, [8] [9] [10] but only a few analytical studies covering a broad range of diarrhoeal enteropathogens have been undertaken. To our knowledge, there are no previous reports on aetiology of paediatric gastroenteritis in Najran, which is located in south-western Saudi Arabia. Knowledge of the aetiology of diarrhoea is not only important for implementation of appropriate public health measures to control these diseases but also, in many cases, for correct treatment. This study aimed to determine the prevalence of bacterial, viral and parasitic aetiology of gastroenteritis in children aged < 5 years in the Najran region, south-western Saudi Arabia. This information is important to determine the contribution of these enteropathogens in childhood diarrheal disease and to put forward effective preventive measures for controlling this disease in the future.
MATERIALS AND METHODS
Using a simple random sampling technique, a total of 326 children aged < 5 years with diarrhoea admitted at Najran Maternity and Children's Hospital were included in the study during the period from October 2011 to June 2012.
Definitions
Diarrhoea was defined as at least three loose stool motions in 24 h, any number of watery stools, or 1 or 2 loose stools in 24 h accompanied by at least one of the following symptoms: Nausea, vomiting, abdominal cramps, or fever of ≥ 38°C. [11] Acute diarrhoea was defined as diarrhoea that lasted for 14 days or less at the time of presentation. [11] All children with persistent or chronic diarrhoea were excluded.
After clinical examination of each patient by a paediatrician, the clinical and epidemiological data was recorded using a questionnaire. The data included information on age, sex, clinical symptoms (such as fever, vomiting, abdominal pain, nausea and anorexia), types of diarrhoea, medical care sought and taking of antibiotics before admission and maternal education.
Stool samples were collected from all patients and sent to the Microbiology Department of the Najran University College of Applied Medical Sciences for detection of bacterial, viral and parasitic enteropathogens.
Macroscopic examination of stool samples was done to investigate the presence of worms, blood and physical characteristics such as colour, appearance, odour and consistency. Microscopic examination of fresh stool samples was done to investigate the presence of parasitic eggs and larvas. [12] 
Bacterial detection
The specimens were inoculated on selenite cysteine broth (Difco Laboratories, Detroit, USA) and sub-cultured on MacConkey, xylose lysine deoxycholate (XLD) and triple sugar iron agar media (Difco Laboratories). The plates were incubated at 37°C for 24 h. Suspected colonies were identified as bacterial enteropathogens using standard laboratory procedures, according to the biochemical and serological techniques recommended by the World Health Organization. [12] 
Viral detection
Faecal specimens were examined for rotavirus, adenovirus and astrovirus using a qualitative one-step immune-chromatographic kit (Atlas Medical, Cambridge, UK), according to the manufacturer's instructions. Quantitative detection of rotavirus and adenovirus was confirmed using commercial ELISA kit (Meridian Diagnostics, Ohio, USA). Detection of astrovirus was confirmed using commercial ELISA kits (Dako Diagnostics, Glostrup, Denmark), according to the manufacturer's instructions.
Parasitic detection
Faecal samples were examined for parasites, ova and cysts by direct wet preparation and formalin-ether concentration method.
Statistical methods
The results were statistically analysed by calculating the mean, median, standard deviation and P values and distributed according to age, nationality and sex differences using SPSS 10 program for Windows (SPSS Inc, USA). P values < 0.05 were considered significant.
RESULTS
The study included 326 children with acute gastroenteritis. The children were between 2 and 60 months of age with a median age of 12 months. Of these children, 192 (58.9%) were males and 134 (41.1%) were females and 300 (92%) were of Saudi nationality and 26 (8%) were non-Saudi. The mean duration of diarrhoeal symptoms was 3.4 days (range 1 -10 days) and vomiting was noted in 209 (64.1%) patients. On examination, 262 (80.4%) patients were febrile. Out of 326 stool specimens, 124 (38%) and 66 (20.2%) specimens were semi-liquid and watery, respectively, while mucous and blood were found in 123 (37.7%) and 13 (4%) specimens respectively. The epidemiological and clinical characteristics of all cases are listed in Table 1 .
Out of the 326 stool samples, 111 (34%) samples were positive for microbial enteropathogens. Of these, 72 (22.1%) samples were positive for viral pathogens, including 56 (17.2%), 12 (3.7%) and 4 (1.2%) positive samples for rotavirus, adenovirus and astrovirus, respectively. Thirty-five (10.7%) samples were positive for bacterial pathogens, of which, 28 (8.6%) and 7 (2.1%) samples were positive for Salmonella spp. and Shigella spp., respectively. Pathogenic parasites were detected in only 4 (1.2%) samples, including 3 (0.9%) G. lamblia and 1 (0.3%) E. histolytica isolates [ Table 2 ].
The distribution of enteropathogens according to the different age groups is listed in Table 3 . The majority 59 (53.2%) of enteropathogens were found in children aged ≤ 12 months. Whereas, 25 (22.5%) and 14 (12.6%) pathogens were noted in children within age groups of 13 -24 and 25 -36 months, respectively.
By comparing viral and bacterial causes of acute gastroenteritis, significant differences were noted [ Table 4 ]. Patients with bacterial gastroenteritis were significantly older and presented with a more prolonged duration of diarrhoea. In contrast, viral gastroenteritis presented with a more vomiting events. With respect to laboratory findings, bacterial gastroenteritis showed higher inflammatory signs (fever, increased C-reactive protein (CRP) and leucocytosis). Rotavirus gastroenteritis as compared to gastroenteritis caused by the other enteroviruses was associated with prolonged duration, high fever and, consecutively, more diarrhoeal episodes.
DISCUSSION
Acute gastroenteritis is a leading cause of childhood morbidity and mortality in developing countries with an increasingly long list of viral, bacterial and parasitic pathogens being identified in infected patients. [13] In this study, enteropathogens were detected in 34% of all patients. In a recent Saudi study, [14] enteropathogens were detected in 39% of 270 children under 5 years of age in Makkah and Jeddah cities. Reports from previous Saudi studies have found enteropathogen prevalence rates of 47 -61%. [8] [9] [10] [15] [16] [17] Data from Middle Eastern countries revealed prevalence rates of 28% in Bahrain, [18] 63% in Palestine [19] and 66% in Jordan. [20] Of all the a etiologic agents detected during our study, rotavirus was found in a total of 17.2% of all cases and 77.8% of the 72 viral gastroenteritis cases, confirming its role as the main aetiological agent in paediatric diarrhoea. Previous studies from Saudi Arabia indicated a varied prevalence of rotavirus gastroenteritis in children aged < 5 years, accounting for 10 -46% before 2007. [15] [16] [17] In a more recent study, [9] Tayeb et al., found that the prevalence of rotavirus gastroenteritis among children in Riyadh during 2008 to 2010 was 65.5%. Tayeb et al., [9] suggested that their high prevalence rate could be attributed to a new re-assortment in the virus strain or to possible emergence of an unusual strain in the kingdom. Unfortunately, molecular characterization of rotavirus strains was not performed in this study. Kheyami [21] have demonstrated the value of establishing rotavirus genotypes surveillance before the introduction of any rotavirus vaccine to monitor the strains in circulation and to facilitate vaccine policy decisions and rotavirus vaccine implementation in the national childhood vaccination program that would be considered in Saudi Arabia. It was reported that the efficacy of the three-dose rotavirus vaccine regimen reduces the severity of paediatric gastroenteritis by 70% and the incidence of children hospitalization by 90%. [22] In this study, bacterial enteropathogens were identified in 10.7% of all cases. Previous Saudi studies have found that bacterial enteropathogens accounted for 5 -31% in different regions. [10, 14, 16] Results of this study showed that Salmonella spp. (8.6%) was the second enteropathogen isolated after rotavirus. Salmonella spp. was isolated in previous Saudi studies in a lower proportion of 3%. [14, 17] Their result is against the expected rate because Salmonella spp. is endemic in developing countries. The data from Arab countries revealed Salmonella gastroenteritis rates of 4% in Palestine [19] and 6% in Bahrain. [18] In this study, the intestinal parasites were identified in 1.2% of all cases, and Giardia lamblia accounted for 0.9% of patients. Almost similar results were found in a recent Saudi study, [14] in which Giardia lamblia was identified in 1% of 270 children with acute diarrhoea and aged < 5 years. The prevalence of giardiasis in other Saudi studies varied from 3.1 -9.4%. [8, 17] In neighbouring countries, the rate of giardiasis was reported to be 0.9% in Jordan [20] and 0.5% in Bahrain. [18] The epidemiology of enteric pathogens that cause diarrhoea suggests that most infections are acquired from food, water and hand contact and many diarrhoeal diseases can be prevented by simple rules of personal hygiene and safer food preparation. [23] Among the contributors to diarrhoea, the child's age, the household health environment and mothers' age and level of education play important roles. In accordance to previous studies, [14] [15] [16] [17] [18] [19] [20] more than half (53.2%) of pathogens in this study were identified in children aged ≤ 1 year and 33.4% of infected children live in houses with > 4 children. Women play a major role in making or breaking the 'chain of contamination' within the household sphere. [24] In this study, 32.2% of mothers were aged < 25 years and 56.7% were illiterate. It has been shown that the more education mothers have, the more they knew about ways to take care of their children with diarrhoea and lower the prevalence. This study, along with others, has shown that diarrhoea is more common among children whose mothers are in the younger age group and have a low level of education. [4, 24, 25] In clinical practice, knowledge of a suspected pathogen might help to optimize patient management, especially in the decision between hospitalization and ambulatory care. With a combination of clinical and laboratory, it appears possible to distinguish infections caused by viral pathogens and enteric bacteria. [26] In this study, enteric salmonellosis was found in older children with high systemic inflammatory markers. On the other hand, rotavirus gastroenteritis was associated with high CRP, high frequency of diarrhoea, fever and low CRP.
CONCLUSION
The results of this study showed that rotavirus is the most common pathogen in paediatric acute gastroenteritis in the Najran region. This fact, in combination with the severity of the infections, warrants consideration of a rotavirus vaccine in the childhood immunization program in Saudi Arabia. On the basis of clinical and laboratory parameters, it appears possible to distinguish between the different causative agents of acute gastroenteritis.
